EEDLING emergence is often a critical phase in the establishment of small-seeded legume species. Germina-.tion, the first step in the emergence process, is influenced by moisture, oxygen, carbon dioxide, light, temperature, soil pH, mineral nutrition, dormancy, and microorganisms, according to Hagan (8). In addition a newly germinated seedling must successfully accomplish a second step, force its way through a covering layer of soil. Seedbeds for range land and pasture plantings are often rough, and excessive depth of planting frequently occurs. Moreover, soil crusts (9, 10) and soil compaction (12, 15) often impede seedling emergence.
The effect of temperature on germination of crop plants has been studied widely and was reviewed by Edwards (4). The optimum temperature cannot be precisely defined since the most favorable temperature for the various physiological processes involved in plant growth do not coincide. Hence, it is not a point but at least a range ot: a few degrees (7). However, each population of plants has its optimum range. The optimum germination temperature range of a number of forage legumes has been reported recently (1, 13, 14) . The second experiment reported here was a study of the effect of temperature on the emergence force exerted bỹ wo forage legume species as well as on their germination.
EXPERIMENTAL PROCEDURE
Germinating seeds were subjected to the force exerted by vertical glass rods weighted precisely to 10, 20, 30, and 40 g. They were constrained ilaterally by closely fitting glass tubes on a substratum of vermiculite moistened with distilled water. When a rod was pushed up a ,distance of 2 mm. or more by the arching hypocotyl, the seedling was considered to have exerted a force equal to the weight of the rod supported. The minimum distance was selected such that it exceeds the maximum expansion of the seeds due to inbibition prior to emergence of the radicle. The germinated seeds were .recorded as successes or failures in exerting the force equivalent to, the weight to which they were subjected.
The data were analysed by the method of probits (6, 11) facilitating the calculation of the linear regression equations which indicate the percentage of a seedling population able to exert various levels of force during emergence. From these regression equations the median emergence force (MEF) can be estimated. This may be defined as the force which 50% of the population is too weak to exert. The method of calculation for this type of data has been illustrated previously (16).
Species and strain comparison--Seven varieties of crimson clover s (Trifolium incarnatum, L.), 1 of red clover (T. pratense, L.), 1 of rose clover (T. hirtum, All.), and 2 of alfalfa (Medicago sativa, L.), a total of 11 entries, were compared. A balanced incomplete block design was used in which 6 entries were compared at a time during 11 two-week periods. The test period length was 6 days. The test with the same 6 entries was duplicated in each 1Contribution of the Department of Agronomy, University of California, Davis. ]Received Jan. 22, 1963. .a Associate Professor of Agronomy. s The crimson clover varieties were made available through the courtesy of E. A, Hollowell, formerly Principal Agronomist, Forage and Range Research Branch, ARS, USDA, Beltsville, Md.
2-week period, a day being required at the beginning of each tes period to set up the equipment. Each 2-week period constituted an incomplete block, and every entry was compared with eac other entry simultaneously in 3 of the blocks (3, 11), This typ of experimental design was used because only the minimmn tem perature was under control in the laboratory room. During th experiment, which was performed between January 7 and July 11 the temperature remained at 20° C. until March 16. After tha the temperature gradually rose to a maximum of 32° C., but wit diurnal fluctuation the night minimums were down to the 20-22°C
. range with few exceptions. A total of 120 seeds of each entr was tested at each force level. The results for seeds which did no germinate during this and the following test were excluded fro the data.
Temperature test--Autauga crimson clover and Caliverde alfalfa were tested together in constant temperature chambers at 5, 10 15, 20, 25, 30, 35, 40° C. Temperature varied less than +0.5°e xcept at 30 and 35 o C., when it occasionally rose above the spe cified level by not more than 2°. Thirty seeds of each species we tested at each force level at each temperature.
A germination test was performed at the same time at eac temperature. Each test consisted of 4 lots of 100 seeds of eac species placed on filter paper moistened with distilled water i petri dishes. For l lot out of each 4 the length of all germinat seedlings was measured to indicate seedling vigor during ger mination.
RESULTS AND DISCUSSION

Species and Variety Comparison
The three larger-seeded species, crimson clover, rose clover, and alfalfa, had median emergence force (MEF values greater than the smaller-seeded species, red clove ( Table 1) . The correlation, --0.6 7, bet ween see d siz e and the MEF values is significant at the 5% level. A posi tive relationship between seed size and seedling vigor ha been observed by several investigators, and their work wa reviewed recently by Black (2). However, in this study, 55% of the variation among MEF values was not accounted for by seed size. This is in accord with the results o Peace's~ study of 20 strains of smooth bromegrass. Although he obtained a significant correlation between see size and seedling vigor, there was still a significant residua variation in seedling vigor after he had eliminated that source of variation by covariance analysis.
The MEF range among the varieties of crimson clover was much greater than between any pair of means for spe cies. The Mississippi selection of crimson clover produce the greatest MEF, 60.8 g., and Autauga was the next high 
